INTRODUCTION
Oil palm (Elaeis guineensis) is among the most important crop which produces vegetable oil. Vegetative propagation for oil palm can only be conducted using tissue culture methods to obtain highly productive oil palm seeds (Wong et al. 1997) . Tissue culture technique is beneficial for individual propagation of oil palm having high productivity and/or certain trait of interest. The tissue culture technique can increase oil palm production by 30% compared to the commercial seed Dura X Pisifera (DXP) on a large scale field trials (Cochard et al. 1999; Wahid et al. 2005) . Tissue explants of oil palm resulted from in vitro culture are developed through callus formation or normally termed as indirect embryogenesis (Te-chato & Hilae 2007) . However, not all of the cultured explants have the potential to be developed into embryogenic callus. Those explants which are not successfully developed into embryogenic callus usually form a nonembryogenic callus, that will remain in the form of callus without any possibility to develop into ramet (Rohani et al. 2000) . Corley and Tinker (2003) reported that the level of callogenesis in oil palm is still low (around 19%) , while the ability to form somatic embryoid is only 3 -6% (Wooi 1995) . One of the main factors that determine the ability of oil palm tissue culture is the genetic factor, which is indicated by the fact that some genotypes are more productive than the others (Wooi 1995) .
Identification of Single Nucleotide Polymorphism (SNP) in oil palm genome had been attempted in several studies. Identification of Quantitative Trait Loci (QTLs) associated with callogenesis and embryogenesis in oil palm with broad range of markers from AFRLPs, RFLPs, and SSRs has been done (Ting et al. 2013) , but studies to determine the process of de-differentiation and embryogenesis with specific SNP markers in plant genomes are limited. In this study, the identification of candidate SNP associated with somatic embryogenesis in oil palm were done in silico, which was continued to the validation process based on the phenotype data of oil palm tissue culture. This study was aimed to obtain SNP marker candidates which represents the embryogenesis potential, to be further used in marker assisted selection of oil palm ortets, and thus increase the tissue culture process efficiency.
MATERIALS AND METHODS

In silico Selection of SNPs Marker
Target genes were derived from Expressed Sequence Tags (ESTs) from Low et al. (2008) , and Lin et al. (2009) which were deposited in GenBank database EY396120-EY413718 and GH635901-GH637767. ESTs were subsequently assembled using CAP3 program (Huang & Madan 1999) . Contigs and singletons were annotated to oil palm cDNA database from MPOB's research (genomsawit.mpob.gov.my) , using the BLAST tool (Altschul et al. 1990 ) to obtain a list of genes that was expressed during the process of embryogenesis.
The candidate genes were further aligned to the oil palm genome sequence (genomsawit. mpob.gov.my) to get the fulllength gene sequence. The alignment process was done using Sim4db program (Walenz & Florea 2011 ). The full-length gene sequence was generated using GetFastaBed tool in Galaxy platform (Quinlan & Hall 2010) . Then, the fulllength gene sequences were used as the database for BLAST alignment of oil palm SNP sequences obtained from MPOB (genomsawit.mpob.gov. my) (Ting et al. 2014), and NCBI (Teh et al. 2016) as the queries (Fig. 1) .
Ten candidate SNP markers were selected based on the function, expression and sensitivity of the mutation position. DNA fragment sequences were aligned using Unipro UGENE (Okonechnikov 2012) . Primers of each SNP et al. marker were designed using Primer-BLAST tool from NCBI, which combined the algorithm of Primer3 (Untergrasser 2012) and NCBI et al.
BLAST. Primer quality was analyzed and selected using NetPrimer Tools from Premier Biosoft.
SNPs Marker Validation
Thirty ortets were kindly provided by the Tissue Culture Laboratory of PT SMART Tbk. These ortets were selected based on the tissue culture productivity data, including callogenesis and embryogenesis rate. Genomic DNA were isolated and purified from leaf tissue using NucleoSpin Plant II kit (Macherey-Nagel GmbH & Co KG, Duren, Germany). The quality of extracted DNA was measured using 1% agarose gel electrophoresis and nanodrop s p e c t r o p h o t o m e t e r ( T h e r m o s c i e n t i f i c, Massachusetts, USA). The DNA was amplified by Figure 1 Oil palm embryogenesis SNP mining bioinformatics workflow Contigs and singletons from assembly process were aligned to two sets of MPOB's cDNA database (genomsawit.mpob.gov.my), namely V1 and V2 (Table 2) .
The genes were selected based on its correlation to embryogenesis function via text mining methods. Selection of the embryogenesis related gene candidates' selection was according to Elhiti et al. (2010) , resulting in 423 embryogenesis related genes. These genes only work as reference for this study. There might still be other genes involved in embryogenesis due to the complexity of embryogenesis process. The sequences were aligned to MPOB's genome database using Sim4db program to locate the index position of the intact gene (intron+exon). The index position in gff3 format was then used as input to generate the intact gene's FASTA sequence.
The whole genomic sequence of candidate genes was used as the database to align the oil palm SNP markers. From MPOB's 1,766 SNP positions, there were 12 SNPs with positive hit to target genes, 10 SNPs were in introns, while the other two were synonymous codon variant in exons. In NCBI, which has 112,360 SNP positions, there were 1,575 positive hits to target designed primers using PCR. The PCR products were confirmed using agarose gel electrophoresis.
PCR products were purified using QIAquick PCR Purification Kit (Catalog No.28104, QIAGEN, Hilden, Germany) . Purified PCR products were sequenced, then statistically analyzed and compared with the callogenesis and embryogenesis productivities data using SPSS 20.0 (SPSS Inc., Chicago, USA). For odds ratio analysis, tissue culture productivity data (callogenesis and embryogenesis rate) were converted into categorical data (low callogenic, high callogenic, low embryogenic and high embryogenic), then compared with nucleotide variation using n Cochran's and Mantel-Haenszel cross tabulation statistics in SPSS. The tissue culture productivity data variation was analyzed with One-way ANOVA.
RESULTS AND DISCUSSION
A total of 19,471 embryogenesis related ESTs were obtained from Low et al. (2008) and Lin et al. (2009) . The ESTs libraries were assembled using CAP3 program resulting to 13,020 sequences of contigs and singletons (Table 1) . (Table 3) . In this study, we focused on missense SNPs. However, the selection of SNPs marker had functional consequence only as a priority scale adjusting to the scope and research resources. SNP variations in other functional positions remain a potential determinant of embryogenesis rate (Ting . 2013) . From 53 missense variant et al SNPs, 40 SNPs were eliminated because the cDNA annotation of the ESTs did not match with the gene locus defined in the SNP information. Thirteen SNPs position used for further process were described in Table 4 .
From all thirteen selected SNPs, only 10 were selected for further DNA sequencing process. From DNA sequencing process, we obtained data of SNP variations, which were further statistically analyzed using Cross Tab Chi Square, odds ratio analysis and One-way ANOVA (SPSS 20.0) ( Table 5 ). Cross Tab Chi Square was used to analyze the degree of dependency between SNP variations with embryogenesis rate. One-way ANOVA was used to observe the difference in embryogenesis rate between SNP variations. Odds ratio analysis was used to compare the relative odds of the SNP variations to the occurrence of high embryogenesis. From 10 SNP positions, only one SNP, in Auxin Response Factor family (EMB6), showed significant result in Cross Tab Chi-Square and in One-way ANOVA. Odds ratio analysis showed 8 times chance of higher embryogenesis when the SNP at EMB6 is Adenine homozygote (A/A) compared to Adenine-Guanine heterozygote (A/G).
Sample size of population in this study is still relatively small. Further observation with larger population is needed for marker revalidation. There is also a possibility of other genes influencing embryogenesis of oil palm, which needs further investigation. Auxin Response Factors (ARF) family has been suggested to play a key role in regulating the expression of auxin response genes (Liscum & Reed 2002) . Gliwicka et al. (2013) found that the expression of over half of AUX/IAA and ARF g e n e s w e r e c h a n g e d d u r i n g s o m a t i c embryogenesis in Arabidopsis. Auxins play critical roles in most of the major growth responses throughout different developmental stages of plants; such as organogenesis, vascular tissue differentiation, apical dominance, root initiation, and tropism; as well as cellular level processes including extension, division, and differentiation (Guilfoyle & Hagen, 2007; Mockaitis & Estelle, 2008; Su et al. 2014) . A large number of potentially auxin regulated candidate genes, which function in growth and developmental processes, have been identified in Arabidopsis and other plant species (Rosado et al. 2012; Liu et al. 2014; Di et al. 2015; Guilfoyle 2015) .
ARF regulation is well-studied (Salehin et al. 2015) . At low auxin levels, Aux/IAA proteins form dimers with ARFs to inhibit ARF activity resulting in the repression of auxin-responsive genes. At high auxin levels, Aux/IAAs bind to the TIR1/AFB SCF complex and subsequently become ubiquitinated and degraded by the 26S proteasome. The ARF is then released and regulate the transcription of its target auxin response genes (Wang & Estelle 2014) (Fig. 2) .
Most of the ARF proteins consist of an Nterminal B3-type DNA binding domain (DBD), a variable middle region that functions as an activation domain (AD) or repression domain (RD) and a carboxy-terminal dimerization domain (CTD:domain III/IV), which is involved in protein-protein interactions by dimerizing with auxin/Indole-3-Acetic Acid (Aux/IAA) family genes or between ARFs (Kim et al. 1997; Guilfoyle & Hagen 2007; Piya et al. 2014) . EMB6 th was located at the 307 amino acid, inside the conserved domain of ARF family (Fig. 3) . The position was in the middle region which is critical in determining ARF function. The variations found in this study were A/A and A/G, which change the amino acid from isoleucine to methionine. Although both amino acids are hydrophobic and have similar size, methionine has a unique structure as a sulphur-containing amino acid, which might change the protein folding due to its sulphuric bond.
CONCLUSIONS
In this study, bioinformatic analysis of SNP markers was performed by comparing the SNP database with the genes related to embryogenesis. One SNP located in an Auxin Respone Factor family gene showed a significant association with the embryogenesis rate of oil palm tissue culture. This SNP may be used as a marker to select sample source to increase the efficiency of oil palm tissue culture process in the near future. Further observation with a larger population is needed for marker revalidation.
